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The adsorption of the orange acid dye 52 in
agueous solutions by the biochar of the seeds
and shells of Cistus Ladaniferus

H. El Farissi!, R. Lakhmiri" A. Albourine? and M. Safi®

Abstract— The presence of dyes in aquatic systems has become a serious problem. As a result, much
attention has been paid to new technologies for the removal of dyes from contaminated waters. Biosorption is
one of those emerging technologies that use natural waste to sequester dyes from industrial wastewater. In
this study, we realized the kinetics of elimination of orange acid 52 in solution by adsorption on bio-char
seeds and shells of Cistus ladaniferus((BCCLS and BCCLSh). The BCCLS and BCCLSh are biomaterials
used as bio-adsorbents for the removal of orange acid 52. The adsorption kinetics of the dye by BCCLS and
BCCLSh are correctly described by the pseudo-second order model with a high correlation coefficient
(R2=0.998 for BCCLS and R2=0.999 for BCCLSh). From the four models adsorption isotherm tested,
Langmuir is the appropriate model for both adsorbents. The very high adsorption capacity reaches a value of
500mg.g™ for the BCCLSh and 358.48mg.g™ for the BCCLS.

Index Terms- Cistus ladaniferus - Orange acid 52- Anionic dye - Bio-char - Pyrolysis.

1. INTRODUCTION

Wastewater from industrial sludge in textile mills is
generally rich in dyes and organic matter. The elimination
of these dyes has received a lot of attention in recent
years, not only because of its potential toxicity but also
because of its visibility problems. Recent studies indicate
that about 13% of the synthetic textile dyes used each year
are lost during manufacturing and processing operations
and that 22% of these dyes are introduced into the
environment by effluents from industrial waste treatment
[1]. From an environmental point of view, the elimination
of synthetic dyes is very worrying. Among many
chemicals and physical methods, sorption has evolved to
become one of the most effective processes for

discoloration of textile wastewater.
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Activated carbon is the most widely used adsorbent,
due to its adsorption capacity, higher specific surface area

and different pores. Currently, there is increasing interest
in the use of inexpensive and unconventional alternative
materials in place of traditional adsorbents. Several
researchers are studying the use of alternative materials
which, although less efficient, involve lower costs. We
have Studied the removal of the reactive dye RR-23 by the
biochar of the cistus seeds [2]. Thus the elimination of the
same dyes by other biomass such as chitosan [3, 4] and
silica-chitosan composite in single and binary systems [5].

The objective of this research is to determine the
feasibility of using the biochar of cistus ladaniferus seeds
(BCCLS) and
(BCCLSh) for the removal of anionic dyes orange acid 52
(AO-23).

biochar of cistus ladaniferus shells

2. MATERIAL AND METHODS

2.1. The adsorbent

The BCCLS and BCCLSh are two materials used
for the removal of AO-52 dye; The BCCLS and BCCLSh
are produced by pyrolysis [6,7] obtained in optimal
conditions, a temperature equal to 450°C, a particle size of
0.3 to 0.6 mm and a heating rate equal to 21°Cmin! for the
BCCLS and a particle size of 2 to 3 mm and a heating rate
of 40°Cmin™ for the BCCLSh. The biochar is then milled
in a ceramic mill until the particle sizes are between 0.1

and 0.2 mm.

2.2. Characterization of the cistus seeds and the
bio-char

IJSER © 2018
http://www.ijser.org

563


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 9, Issue 10, October-2018 564

ISSN 2229-5518
Characterization of the BCCLSs and their BCCLSh

obtained under the optimal conditions of pyrolysis were
characterized by X-ray fluorescence (Table 1), SEM
scanning electron microscope (Figures 1, 2 and 3) and
Fourier transform infrared (FTIR) results are shown
below (Figure 4 and 5):

TABLE 1

CHEMICAL X-RAY FLUORESCENCE ANALYSIS OF BCCLS AND
BCCLSH (CONTENT EXPRESSED AS% CONCENTRATION)

Name of Weight %
Compound Bio-char of Cistus Bio-Char of
Ladaniferus Shell Cistus
(BCCLSh) Ladaniferus Seed
(BCCLS)
C 71.7 71.5
@) 26.7 26.4
K 0.704 0.945
P 0.0423 0.402
Ca 0.383 0.309
Mg 0.0248 0.111
Na 0.0211 e
Fe 0.04 0.0114
Cl 0.175 0.0732
Si 0.0633 0.0217
S el 0.162
Mn 0.0157 0.0238
Al 0.0167 0.00565
Zn 0.0112 0.00908
Cu 0.0105 0.00642
I 0.0071 0.00604

Fig. 2. Micrographs (15kv, G*600)(a) and (5kv, G*4500)(b) of
BCCLSh

The EDXA spectrum of BCCLS (a) and the BCCLSh (b)
(Figure 3) also confirms the presence of a high percentage
of carbon and oxygen in the two materials in addition to
the presence of other elements such as K, P, Mg, Ca and Si
in BCCLS. The micrographic image of BCCLS and
BCCLSh are shown in (figure 1 and 2) respectively, which
giving a clear idea on the morphology of materials by the
presence of micro-pores and nano-pores which favors the

adsorption of AO-52 on the two materials.

SEM analysis allows microscopic characterization of the
BCCLS and BCCLSh contact surface by means of an SH-
4000M apparatus. (Figure 1) shows the results obtained
by SEM on particles (0.1 - 0.2 mm in size) of BCCLS and
the (figure 2) shows the results SEM of BCCLSh.
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Fourier transform infrared spectroscopy (FTIR) reveals
the chemical groups present in the BCCLS and BCCLSh
(Figure 4 and 5)
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Fig. 4. FTIR spectrum of the BCCLS

2.3. Adsorbate AO-52

The dye used in this study is the acid orange 52 (AO-
52), is an anionic dye, the dye stock solution was
prepared by dissolving 0.4 g of AO-52 in 1L of distilled
water and the required concentration of the working dye
solution was prepared by diluting the stock solution with

water distilled.

The BCCLS analysis by TFIR (Figure 4) showed N-H
bonds of amines in symmetric and antisymmetric
vibration between 3410 - 3500cm™ and C-H bonds of vinyl
and alkanes between 3010-3040cm™ And 2850-2925cm™
respectively, phosphines between 2280-2410cm, C=O of
aromatic ketones, amides and carboxylic acids between
1650-1725cm™,  1630-1710cm™  and  1400-1450Cm™
respectively. The C-O bonds of the primary and
secondary alcools between 1050-1080cm and between
1085-1125cm!, C-O bonds of ether between 1000-1050cm?,
aromatics between 730-890cm™ and finally the presence of
the cycloalkane and nitriles between 530-580cm ! and 430-
480cm.

TABLE 2
PHYSICOCHEMICAL CHARACTERISTICS OF THE AO-52 DYE

Usual name Acid Orange 52 (AO-52)
Chemical formula C1sH14NsS OsNa
Molecular weight 327.334 g.mol?
Solubility in water High

Amax (Nm) 464
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Figure 5: FTIR spectrum of the BCCLSh

The FTIR spectrum in figure 5, of BCCLSh shows the
presence of -OH groups of the first and secondary
alcohols and phenols between 3000 to 3650 cm™. This is
confirmed by the presence of the antisymmetric
vibrations of the -CH: to 2925cm, -OH bonds free at
3670cm™. The presence of phosphines with poor peaks
between 2280 to 2410cm, C=O esters (lactams at four
centers) between 1720 tol765 cm!, aromatic amines at
1515 cm, isopropyl group (CHs)2CH- bonds between 990
to 1050 cm!, C-N bonds of the nitrile derivatives at 834
cm?, Ar-OH bonds at 602 cm, nitriles between 530 to 580
cm?, C-C-C-N bonds of the cyclanes between 430 to
580cm.

2.4 Adsorption Process
2.4.1Adsorption kinetics.

The adsorption kinetics are studied only on the
BCCLS and BCCLSh, operating under optimum
conditions (PH =7 + 0.5, adsorbent dose [0.1- 0.2 mm] = 50
mg, dye concentration 300mg.L?, stirring speed =
200tr.min! in Erlenmeyer rode 50 mg of the adsorbent are
mixed with 50 ml of the AO-52 solution (Co=300mg.L").
The suspension is stirred at 200tr.min' at room
temperature (30 + 1°C). At defined time intervals ranging
from 10 to 120 min, the BCCLS and BCCLSh are separated
from the liquid by centrifugation. The concentration of
the AO-52 in the liquid phase is then determined by
measuring the absorbance at 464 nm and reading on a
calibration curve established from a range of AO-52
concentrations ranging from 0.0 to 400mg.L. The amount
of AO-52 (Q) adsorbed by two materials as a function of
time are calculated according to the following formula
(eq.1).

Qe — (Co_nfe)*v (eql) R% = (Co—Ce)

o * 100 (eq.2)

Co: concentration initial dye in (mg.L?); Ce: final dye
concentration in solution (mg.L); V: volume of the dye
solution in L; m: mass of BCCLS or BCCLSh in g; R%:
Removal; Qe: Amount adsorbed in (mg.g™)

The four linear models tested for adsorption
kinetics of AO-52 dye by BCCLS and BCCLSh are shown
in table 3.

TABLE 3
THE FOUR LINEAR MODELS OF KINETICS
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Models Plotting Linear Equation
Pseudo-1st- Ln(Qe-Qy) Ln(Q.— Qu =
order =f(t) —K; t+LnQ. [89]
Pseudo-2n- L f(t) =y T

Qt Q¢ Qe  K2Qg
order [10,11]
Elovich Q: = f(Ln(t)) Q. = % Lnt+
model % Ln (ap)

[12]

Intraparticule | Q:=f(:/t) Q. = Kivt+ C
diffusion [13]
model

Where qe: the dye amount adsorbed at equilibrium (mg.g"), g the dye
amount adsorbed at time t (mg.g?), Ki is the adsorption rate constant
(mL.min), t: contact time (min), K2 (g.mglmin), « is the initial
adsorption capacity (mg.gl.min), B is the desorption constant (g.mg?), Ki
is the intraparticule diffusion rate constant. The value of the ordinate at
the origin C provides an indication of the thickness of the boundary layer.

2.4.3 Obtaining and modeling of the adsorption
isotherm.

To obtain the adsorption isotherm, a series of
Erlenmeyer is used. In each Erlenmeyer are poured 50 ml
of AO-52 solution dye of varying concentrations: 0; 50;
100; 150; 200; 250; 300; 350; 400; 450 and 500 mg.L*. The
adsorption equilibrium study is carried out under the
same optimum conditions indicated above. After
equilibration, the particles of the adsorbent are separated
by centrifugation and the clarified solution is analyzed by
determination of the equilibrium concentration (Ce) of
AO-52 using the same calibration curve used previously.
The quantity of the adsorbed reagent at equilibrium (Qe,
in mg.g") is calculated by equation (eq-1).

The following four models, in their linear form, are

used to describe the adsorption isotherms:

- The Lungmuir model [14]:
m K.Ce
Qe = T (eq3)

1+Ky,Ce
This equation can be reshaped and rearranged into linear

of the following equations [15].
Ce _ Ce

1
% | ke (eq4)

Q. is the amount (mg.g?') of RR-23 adsorbed at

equilibrium; this is the equilibrium concentration (mg.L?);

Qo: the monolayer adsorption capacity (mg.g"'); Ku: the
Lungmuir constant (L.mg") related to the adsorption free
energy.

An essential characteristic of the Lungmuir isotherm can

be expressed in terms of a dimensionless constant called

the separation factor and defined by the equation below
[16].

1
1+Kp,Co

RL=

(eq.5)
Where Co is the initial concentration of the adsorbate
(mg.L') and Ku is the Lungmuir constant (L.mg?). A
separation factor Ri> 1 indicates that the adsorption is
unfavorable, if R = 1 the adsorption is said to be linear,
adsorption is said to be favorable when 0 <R <1, and a
zero separation factor (R. = 0) Indicates that adsorption is
irreversible. In our case, the found values of Rv are all
between 0 and 1, which reveals favorable adsorption.

- The Freundlich equation:

The Freundlich isotherm was wused for
heterogeneous sorption and to describe the adsorption of
organic and inorganic components in the solution [17].
The Freundlich isotherm has a linear expression, as
shown by eq.6.

LnQ. = = LnC +LnK; (eq.6)
Kt is a constant indicating the relative adsorption capacity
of the adsorbent (mg.g") and 1/n indicates the adsorption
intensity. These constants are determined from the
equation of the line (Ln Q) = f(LnC.).
- The Temkin equation [18]:

Qo= + LnCe +--LnKy (eq)
Where T: absolute temperature in °K, R: perfect gas
constant (8.314 J.mol*.K), B: (J.mol"): adsorption heat; Kr
(L.mg?): constant corresponding to the maximum
equilibrium binding energy.
- The equation of Dubinin-Radushkevich [2]

LnQ., = —Kpe? +LnQy, (eq.8)

0: the potential of Polanyi, corresponding to:

e=RTLn(1+ &) (eq.9)
And Ko: the adsorption constant per molecule of the
adsorbate when it is transferred to the surface of the solid
from the infinite in the solution [19]. Kb and E (KJ.mol?)
are linked by the relationship

1
E=Tr

(eq.10)

3. RESULTS AND DISCUSSION
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3.1 Effect of various parameters on the elimination of
AO-52

3.1.2 Effects of pH on removal of AO-52

The effect of pH on the removal of AO-52 using a
BCCLS and the BCCLSh are shown in figure 6.

—4+—AD-52 (BCCLS)  —m—AD-52 (BCCLSh)

350,000
300,000
250,000

i)
& 200,000
= 150,000
100,000
50,000
0,000

pH

Fig. 6. The effect of pH on the adsorption of AO-52 dye on the
BCCLS and BCCLSh. (t=90 min; T=30+1°C, C,=300mg.L™;
Adsorbent mass=50mg; Stirring=200 rpm).

varies from 20mg to 120mg the dye elimination efficiency
increases from 31.18 to 87.45% for the BCCLS and from
39.3 to 98.34% for the BCCLSh. For the adsorbate mass
range from 120mg to 150mg the dye elimination yield
varies from 87.45 to 87.53% and from 98.34 to 98.65% for
the two materials BCCLS and BCCLSh respectively. It can
be concluded that when the mass of adsorbate is greater
the elimination of the dye does not evolve, so we will
have the balance between the adsorbate and the
adsorbent or graduations of the concentration (formation

of micro-battery concentration).

3.1.3 Effect of initial concentration on removal of dye

The effect of pH on the adsorbed amount is very
important for both adsorbents. At acidic pH the amount
adsorbed by BCCLS and BCCLSh varies rapidly from
176.4 to 265.05mg.g" and from 201.31 to 290mg.g" as the
pH increases from 1.2 to 4, for the two materials
respectively. This variation due to the formation of
hydrogen bonds at the surface of adsorbents or the
number of proton H* becomes important; hence there is
an increase in the active sites. When the pH increases
from 4 to 8 the adsorbed quantity remains almost
constant (low variation) so the biochar of the two
materials is saturated. At 8 <pH the adsorbed amount
rapidly depleted for the BCCLS and BCCLSh, while the
amount adsorbed by the BCCLS decreased from 258.07 to
105.23mg.g* and for the BCCLSh from 283 to 53.23mg.g.
This important variation can be due to the increase of the
HO- ions which blocks the adsorption by the occupation
of the active sites in the adsorbate.

3.1.1 Effects of dose adsorbent on removal of dye.

- AD-52 (BCCLSh) - - - AD-52 (BCCLS)
300,000
g -89
250,000 o
»
.

200,000 ,
_ .
s e
B
£ 150,000 22
5 L4

100,000 ' e

50,000 9
0,000
o 100 200 300 400 500 600
Ci{mg/L)

Fig. 8. Effect of initial dye concentration on BCCLS and BCCLSh
adsorption (t = 90min, T =30+1°C, Stirring = 200rpm and pH=7+0.5)

WAD-52(BCCLS)  mAD-52 (BCCLSh)

100,000

80,000
60,000
#
-3
40,000
20,000 '
0,000
002 004 0,14 015

0,06 0,08 0,1 012
Dose (mg)

Fig. 7. Effect of BCCLS or BCCLSh amount on the adsorption of
AO-52 dye, (Time = 90 min, Temperature T = 30 + 1°C, Initial
concentration of dye = 300 mg.L™, Agitation 200rpm and pH = 7 +
0.5)

Figure 7 shows the variation in AO-52 dye removal
performance by BCCLS and BCCLSh. When the mass

The effect of the initial concentration of AO-52 in the
range of 50-500 mg.L' on the percentage removal and
absorption of AO-52 dye by BCCLS and BCCLSh were
studied under experimental conditions, the results are
shown in figure 8. At dye concentrations below 350mg.L",
the ratio of AO-52 to vacant BCCLS sites or BCCLSh are
high, resulting in increased elimination dyes and transfer
to the absorbent surface by migration and convection. At
higher dye concentrations, the lower percent removal is
due to active site saturation for both bioadsorbent, and a
possible repellency between the adsorbed layers and the
remaining bulk molecules. The data show that AO-52
uptake by the BCCLS increases from 42.88 to 257.63mg.g"!
and AO-52 removal percentage decreases from 85.75 to
73.61% with an increase in dye concentration of 50 to
350mg.L'. On the other hand, for the BCCLSh, the
percentage of elimination of AO-52 decreases from 97.08
to 75.23% with the same concentration. For concentrations
greater than 350mg.L"' adsorbed amount remains almost
constant ranges from 265.46 to 26555 mg.g! for the
BCCLS and from 271.15 to 271.23 mg.g* for BCCLSh .In

fact, the increase of the concentration induces an increase
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in the driving force of the concentration gradient, thus

increasing the diffusion of the dye molecules in solution
across the surface of the adsorbent.
3.1.4 The effect of contact time

—4—AO-52 (BCCLS) =—M=—AO-52(BCCLSh)

190,000 N —
170,000

= 150,000
= ,/
& 130,000

g 110,000 M

90,000

A
70,000
v

50,000
10 20 30 40 50 60 70 80 S0 100 110 120 130

t{min)

Fig. 9. Effect of contact time on dye adsorption on CLSh and
BCCLSh (T =30 + 1°C, Co = 300mg.L-1, Stirring=200 rpm and pH
=7+0.5)

The evolution of the adsorbed amount of the AO-52
dye per gram of BCCLS or BCCLSh as a function of the
contact time at an initial dye concentration set at 300
mg.L, figure 9 shows that the adsorbed quantity varies
rapidly from 56.23 to 130.23 mg.g? for the BCCLS and
from 115.92 to 190.77mg.g" for the BCCLSh when the
contact time increases from 10 to 90 min. can infer that the
selectivity of the BCCLSh is greater than that of BCCLS.
In a ranging time from 90 to 120min the amount adsorbed
by the BCCLS goes from 130.23 to 132.92mg.g" and for
the BCCLSh goes from 190.77 to 192.46mg.g.

3.2. Adsorption Kinetics

The four models of the kinetics tested are presented in
figure 10. The choice of the best model established for the
study of the adsorption kinetics is selected as a function
of the correlation factor. From the results of figure 10 and
table 4, we find that the model with the highest
correlation factor is the pseudo-second order model (R? =
0.998 for BCCLS and R?=0.999 for BCCLSh), we can
deduce that the pseudo-second order is that which
describes the adsorption process of the AO-52 dye on the
BCCLS and the BCCLSh, we also see that the adsorbed
quantities calculate Qe.ca by this model and The adsorbed

experimental quantities Qeexp are closer.

Model pseudo-1¥-order
5 000 * AD-52 (BCCLS) W AD-52 (BCCLSh)
5 000 y=-0.056x + 5.547 y=-0.058x + 5.427
T a R?=0.896 R?=0.908
4,000
E 3,000
=
£ 2000
=i
CI? 1,000
E 0,000 T T T T T T T T T T 1
-1.000 10 20 30 40 50 60 70 80 20 1‘3 120 130
-2,000 L
-3,000
t (min)

Model pseudo-2"order

# 40-52(BCCLS)
05 1 y=0,006x + 0,127
08 - R?=0,998

M AD-52 (BCCLSh)
y =0,004x + 0,042
R?= 0,999

07 1
06 1
05 7
04 4

/0y (ming/me)

03 1
0,2 4

01 4

0 20 40 60 80 100 120 140

t (min)

Elovich model
250,000 # A0-52 (BCCLS) W AOQ-52 (BCCLSh)
y=33.09x +19.94 y=31.68x + 47.67
1 2-
200,000 - R*=0.985 R*=0.965
= 150,000
Ty
-1
£
d 100,000 +
50,000 -
0,000 T T T T T 1
2,00 2,50 3,00 3,50 4,00 4,50 5,00
LM(E)
Intraparticule Diffusion model
250,000 - + AD-52 (BCCLS) = AOQ-52 (BCCLSh)
y=9.263x + 102.0
y=9.854x +35.44 R2= 0.880
200,000 R?=0.932
— 150,000 -
»
&
E
d 100,000 -
50,000 |+
0,000
3,00 4,00 5,00 6,00 7,00 8,00 9,00 10,00 11,00
2

Fig. 10. The four kinetic model of dye adsorption on BCCLS and the
BCCLSh (T = 30+ 1°C, m = 50mg, Co=50mg.L™; stirring = 200 rpm
and pH =7 +0.5)
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TABLE 4

ADSORPTION KINETICS CONSTANTS OF RR-23 ON CLSH AND
THE BCCLSH (T=30+1°C, M =50 MG, C0= 50 MG.L-1; STIRRING =
200 RPMAND PH=7+0.5)

models The constants BCCLS | BCCLSh
R? 0.896 0.908
Ki(ml.min) 0.056 0.058
Pseudo-1st- Qecal (Mg.g1) 256.47 | 227.47
order Qeexp (Mg.g7) 13023 | 190.77
R? 0.998 0.999
Kx(g.mglmint) | 0.0028 | 0.00038
Pseudo-2- Qecal (Mg.g1) 166.67 250
order Qeexp (Mg g 13023 | 190.77
R? 0.985 0.965
Elovich a (mg.g'.min) 60.47 142.64
model B (g.mg") 0.0302 | 0.03156
R2 0.932 0.880
Intraparticule | Ki(mg.g'.min®5 9.854 9.263
diffusion C (mg.g") 35.44 102
model

R2% coefficient of determination; Q.. amount of RR-23 adsorbed at
equilibrium; Kui: First-order adsorption rate constant; Ka: velocity constant
of the second order of adsorption «: initial rate of adsorption; B: desorption
constant; Ki is the intraparticule diffusion constant. C: The value of the

intercept.

3.3Adsorption isotherms

The adsorption isotherm indicates how the molecules
are distributed between the liquid phase and the solid
phase when the adsorption reaches equilibrium. In this
study, the isotherms models studied are the Langmuir
model, Freundlich model, Temkin model and the

Dubinin-Radushkevich model .The most frequently

established model for the study of adsorption isotherms is
chosen as a function of the correlation factor. The model
of Langmuir is the model applied in the adsorption of
AQO-52 for the two materials, which is a correlation factor
(R2? =0.988) for the BCCLS and (R?=0.993) for the BCCLSh.
The maximum adsorbed amount by the BCCLS and
BCCLSh are equal to 333.333mg.g? and 500 mg.g-!
respectively. The isothermal constants obtained by
linearization of the wvarious models considered are
summarized in table 5, while the correlation between the
experimental values and those predicted by the best

model is illustrated in figure 11.

1
03 v=0.003x +0.112 *
08 R2=10.988
07
0,6
o
% 05
- 04 * AD-52{CLS)
0.3
0.2
01
o
0 50 100 150 200 250
Ce
09
v=0.002x + 0.061
08 R2=0.993
07
0,6
Co’ 0,5
]
J 04

+ AD-52 [BCCLSh)
03

0,2

0,1

a 50 100 150 200 250

Fig.11. The Lungmuir Isotherms for the adsorption of AO-52 on the
BCCLS and BCCLSh (T=3041°C, m= 50 mg, stirring = 200 rpm and
pH =7+ 0.5)

TABLE 5

CONSTANT ADSORPTION ISOTHERMS OF AO-52 ON BCCLS AND
BCCLSH (T =30 £1° C, M = 50 MG, AGITATION = 200 RPM AND PH =7

+0.5)
Models Constants BCCLS | BCCLSh
R2 0.988 0.993
Ru 0.0694 0.0132
Lungmuir - -
Isotherm 0.4273 0.1182
K (L.mg?) 0.0268 0.1492
Qm (mg.g") 333.333 500
R2 0.899 0.965
Freundlich Kr 21.867 44.523
Isotherm n 1.972 2.739
R2 0.96 0.942
Temkin Kr(L.g") 0 1,0896
Isotherm Bi(J.mol?) 70.61 51.32
b 35.677 49.087
R2 0.811 0.631
Dubinin- Kaa (mol2.Kj2)*10- 2 0.09
Radushkevich 5
Isotherm E(Kj.mol?) 158.114 | 745.356
Qm (mg.g") 213.151 | 201.140

Various studies on the removal of methyl orange or

orange acid (AO-52) by different biomass or composite

IJSER © 2018
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from wastewater are shown in Table 6 to show the

optimum dye removal conditions and maximum

adsorption quantities.

TABLE 6

ADSORPTION CAPACITY AND EXPERIMENTAL CONDITIONS OF
DIFFERENT BIOMASSES OR COMPOSITE FOR THE REMOVAL OF
METHYL ORANGE DYE IN WASTEWATER.
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From the results of Table 6 it can be seen that the
elimination of AC-52 by the different biomass presents a

quantity of adsorption less than that found in our study
which is equal to 500 mg.g* for BCCLSh and 333.33 mg.g"!
for BCCLS
Conclusion

The present work has clearly established the utility of
pyrolysis-synthesized biochar in the optimum condition
that will be used in adsorption of AO-52 one dye. The
experiments show a considerably increasing its
adsorption properties for the removal of orange acid 52 in
the industrial waters. The observed that the removal
content AO-52 increased with increasing pH (up to the
optimum), the temperature, the adsorbent and the
adsorbate concentration. In the same time, the maximum
removal yield of AO-52 by the BCCLS and BCCLSh was
carried out for the initial concentration of 300 mg.L",
temperature of 30°C and pH 7+0.5. The adsorption
kinetics study follow the pseudo-second-order model
with adsorption quantity equal to 250mg.g? for the
BCCLSh and 166.67mg.g for the BCCLS, as well as the
Langmuir model, is the most applicable in the adsorption
isotherm with an adsorption quantity of 500mg.g for the
BCCLSh and 333.333mg.g* for the BCCLS.
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